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ABSTRACT : 

CHG DATE=200108 03 STATUS=N> A mechanical seal member formed 
by applying slurry, 

in which boron carbide powder and silicon powder are mixed 
and dispersed, onto 

the entire surface of a carbon material having an average 
pore radius of at 

least 1.0 mu m and formed into a hollow tubular or 
cylindrical product shape 

and firing the resultant product to form a carbon-silicon 
^arbide composite_ 

material extending from the entire surface toward the 
interior of the product 

shape and a thin coating, 3 to 30 mu m thick, consisting 



mainly of silicon 

carbide and boron carbide and spread on the surface of the 
composite material. 

The carbon- silicon carbide composite material is formed 
uniformly from the 

surface to the center, because the member is small in size 
with a section, 

parallel to the center axis, of up to 7 x 7 mm. A 
silicif ication ratio on the 

surface of the composite material is 3 0 to 55 % in area 
ratio. A carbon base 

material density is at least 1.7 g/cm<3> and after 
silicif ication 2.0 to 2.5 

g/cm<3>. A mechanical seal member may be produced by 
impregnating metal or 

resin into pores of this carbon-silicon carbide composite 
material . 
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(54) MECHANICAL SEAL MEMBER 

(57) A mechanical seal member formed by applying 
slurry, in which boron carbide powder and silicon pow- 
der are mixed and dispersed, onto the entire surface of 
a carbon material having an average pore radius of at 
least 1 .0 urn and formed into a hollow tubular or cylin- 
drical product shape and firing the resultant product to 
form a carbon-silicon carbide composite material ex- 
tending from the entire surface toward the interior of the 
product shape and a thin coating, 3 to 30 urn thick, con- 
sisting mainly of silicon carbide and boron carbide and 



spread on the surface of the composite material. The 
carbon-silicon carbide composite material is formed uni- 
formly from the surface to the center, because the mem- 
ber is small in size with a section, parallel to the center 
axis, of up to 7 x 7 mm. A silicification ratio on the surface 
of the composite material is 30 to 55 % in area ratio. A 
carbon base material density is at least 1 .7 g/cm 3 and 
after silicification 2.0 to 2.5 g/cm 3 . A mechanical seal 
member may be produced by impregnating metal or res- 
in into pores of this carbon-silicon carbide composite 
material. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a mechanical 
seal member excellent in wear resistance and penetra- 
tion resistance, capable of stably maintaining a slide 
sealing effect for a long duration, and usable for a widely 
employed pump for a refrigerator, an automotive water 
pump, and the like. 

Description of the Prior Art 

[0002] In the recent years, while a graphitic carbon 
material has widely been used as a mass production 
type and miniaturized mechanical seal member for a 
widely usable pump for such as a refrigerator, an auto- 
motive water pump, and the like, it is required to further 
improve the characteristics such as a higher slurry re- 
sistance, a higher peripheral speed, a longer life, a high- 
er blister resistance, and so forth. 
[0003] Hence, as a material to satisfy these require- 
ments, Japanese Patent Application Laid-Open No. Hei 
1 0(1 998)-53480 has disclosed a technique of providing 
a mechanical seal member by applying a silicon paste 
to the surface layer including a sliding face of a carbon 
substrate and conversing the silicon paste into a silicon 
carbide-based substance. 

[0004] However, silicon is difficult to penetrate carbon 
if the pore radius is 1 urn or smaller. For that, even if 
penetration takes place owing to capillarity, it is limited 
and reaches at deepest about 1 to 2 mm and therefore 
the thickness of a carbon-silicon carbide composite lay- 
er formed by thermal treatment is at thickest about 2 
mm. Further, there occurs a problem that the penetra- 
tion in the inside is not even and that the thickness of 
the formed carbon-silicon carbide composite layer is un- 
even. 

[0005] Therefore, since the thickness of the formed 
composite layer partly differs, a product is sometimes 
strained owing to the partial difference of the thermal 
expansion coefficient of the layer from that of the carbon 
substrate to make it necessary to subject the product to 
machining to a proper product size aver the carbon-sil- 
icon carbide composite layer formation. 

SUMMARY OF THE INVENTION 

[0006] The purpose of the present invention is to pro- 
vide a mechanical seal member for a small size and 
widely usable pump which is excellent in slide sealing 
property, blister resistance, and machining to a product 
size aside frown last abrasion processing of a sliding 
respect becoming unnecessary by evenly forming a car- 
bon-silicon carbide composite layer deep from the sur- 
face and on the whole face of the product. 



[0007] A mechanical seal member relevant to the 
present invention is provided with a carbon-silicon car- 
bide composite layer in the whole surface by providing 
some catalytic function or other by adding boron carbide 

5 in order to achieve the foregoing purpose. That is a slur- 
ry containing a boron carbide powder and a silicon pow- 
der mixed and dispersed therein is applied to the whole 
surface of a carbon material processed to have a prod- 
uct shape by machining a hollow tubular or cylindrical 

10 carbon material having pores with 1 .0 jim larger average 
fine pore radius and the applied slurry is fired to form a 
carbon-silicon carbide composite substance in the 
whole surface area of the foregoing carbon material with 
a product shape toward inner side and to form a thin 

15 coating of 3 to 30 u.m containing silicon carbide and bo- 
ron carbide as main components in the surface to obtain 
a mechanical seal member. Further, since the mechan- 
ical seal member is not larger than 7X7 mm in cross- 
section surface area parallel to the center axis, the car- 

20 bon-silicon carbide composite substance is approxi- 
mately evenly formed toward inside from the surface in 
the depth direction and the carbon-silicon carbide com- 
posite substance reaches approximately the center part 
of the foregoing cross-section. The siliconizing ratio of 

25 the surface of the carbon-silicon carbide composite ma- 
terial is 30 to 55 % by surface area. The density of the 
carbon substrate to be used is 1 .7 g/cm 3 or higher and 
the density after siliconization is 2.0 to 2.5 g/cm 3 . Fur- 
ther, the pores of the carbon -silicon carbide composite 

30 material may be impregnated with a metal or a resin to 
be a mechanical seal member, 

BRIEF DESCRIPTION OF THE DRAWINGS 

35 [0008] FIG . 1 is a pictu re of the cross-section of a me- 
chanical seal member of a carbon -silicon carbide com- 
posite material produced by adding boron carbide. 
[0009] FIG . 2 is a picture of the cross-section of a me- 
chanical seal member of a carbon-silicon carbide com- 

40 posite material produced by using only silicon. 

[001 0] FIG. 3 is a table showing the approximate ratio 
of the consituent components of the surface of the slid- 
ing face. 

[001 1] FIG. 4 is a table showing the results of a wear 
45 resistance test. 

Description of the Invention 

[001 2] Addition of boron carbide provides some cata- 
50 lytic function or other to make silicon penetrate a carbon 
substrate deep inside and reach deep in depth from the 
surface. For that, in the case where the cross-section 
surface area is about that of a widely used type and 
small size mechanical seal member, a carbon-silicon 
55 carbide composite material can be formed evenly in the 
sufficiently deep inside. The part where silicon carbide 
is formed is provided with a high hardness, that is, a 
wear resistance, as compared with a carbon substrate 
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and the silicon carbide part is, though slightly, made pro- 
jected and the slide face roughness is heightened to in- 
volve an object fluid subjected to sealing at the time of 
sliding to keep the fluid lubricating state. Further, the sil- 
icon carbide with projected shape, occupying 30 to 55 
% surface area ratio, and having high wear resistance 
can closely be attached to the counterpart member to 
retain the sealing property and enables such a mechan- 
ical seal to be used in any conditions in which a conven- 
tional mechanical seal member made of graphite has 
been employed. 

[0013] Moreover, even the carbon-silicon carbide 
composite material is not warped and kept the size and 
the shape of them by siliconaized after processing to 
form a final shape, because of the siliconization ratio of 
the carbon-silicon carbide composite material from the 
surface to the inside is approximately even and the sil- 
icon carbide is formed on the whole surface. Further, the 
mechanical strength can be improved. Since a carbon 
substrate originally having a high density not lower than 
1 .7 g/cm 3 and in general, so-called a high density and 
high strength carbon material, is used, the obtained ma- 
terial is therefore provided with strength sufficiently high 
for a mechanical seal member. 
[0014] After the siliconizing treatment, a hard coating 
of 3 to 20 urn thickness remains on the surface and it is 
easy to be removed. Further owing to the extremely thin 
thickness, 3 to 20 um, the coating scarcely affects the 
product size and thus it is no need to be removed. Fur- 
ther, to leave the thin film of mainly silicon carbide and 
boron carbide on the surface as it is consequently 
makes mechanical processing no need to form an ob- 
tained carbon material to a final product size after the 
siliconizing treatment. Due to that, before the alteration 
treatment into silicon carbide is carried out, a carbon 
substrate is previously and automatically processed to 
a prescribed product size and shape in this stage. That 
is as same as the processing of a conventional mechan- 
ical seal member of a graphitic carbon material and 
since a full-automated machine tool capable of operat- 
ing around the clock, such an NC lathe or the like, can 
be employed, the time and the cost required to carry out 
the mechanical processing can remarkable be saved as 
compared with those for producing a conventional car- 
bon-silicon carbide composite material by a CVD meth- 
od. The final mechanical processing mentioned in this 
case means mechanical processing except specularly 
polishing process of the slide face. 
[0015] The impenetrability is made further reliable by 
impregnating the obtained mechanical seal member 
with a metal or a resin to make the mechanical seal 
member usable for a mechanical seal member even for 
sealing a fluid at a high pressure, with a low viscosity 
and easy to be gasified. 

[0016] The prescribed alteration ratio, 30 to 55 %, to 
silicon carbide can be achieved if the average pore ra- 
dius measured by mercury pressure process is 1,0 urn 
or larger and preferably 2.0 u,m or smaller. The face sub- 



jected to siliconizing is dependent on the average fine 
pore radius and also depend on the fine pore distribution 
in the surface of the carbon substrate, that is, the density 
of the carbon substrate and the density is therefore re- 
5 quired to be 1 .7 g/cm 3 or higher. Further, if the average 
fine pore radius is 1 .0 um or smaller, metal silicon cannot 
penetrate the carbon material deep inside and the pre- 
scribed alteration ratio, 30 to 55 %, into silicon carbide 
cannot be achieved. In the case where the density after 
io the siliconizing treatment is 2.0 to 2.5 g/cm 3 . especially v 
preferably 2.1 g/cm 3 or higher, the alteration ratio of the 
inside into silicon carbide is confirmed to be 30 to 55 % 1 _ 
[0017] The mechanical seal member of the present 
invention is produced as follows. At first, a carbon sub- 
's strate is processed to be a final shape of a mechanical 
seal. To process the carbon substrate, processing is car- 
ried out by a full-automated machine tool such as a NC 
lathe or the like as same in the case of a conventional 
mass production type carbonaceous mechanical seal 
20 and then a slurry to be formed into a silicon carbide layer 
is applied to the whole surface area. The slurry is pro- 
duced by mixing and dispersing a silicon powder of 
about 30 to 50 jim average particle size, a boron carbide 
powder of about 4 to 20 u.m average particle size, and 
25 a resin. The resin to be used generally has an excellent 
film formability and leaves carbon residue at a low ratio 
and is preferably selected from poly amideim ides, poly 
(vinyl alcohol), and polyamide resins. Among them, 
polyamideimides are further preferable and used while 
30 being dissolved in a solvent such as dimethylacetamide, 
dimethytformamide, dimethylsu If oxide, N-methyl-2-pyr- 
rolidone, and the like. 

[0018] When a silicon powder and a boron carbide 
powder are mixed in a resin, it is preferable to control 

35 the ratio of the boron carbide powder to the silicon pow- 
der to be 5 to 50 wt.% to 50 to 95 wt.%. The ratio is 
further preferable to be 20 wt.% of the boron carbide 
powder to 80 wt.% of the silicon powder. That is because 
if the ratio of the boron carbide is less than 5 wt.%, the 

40 effect of addition of the boron carbide powder is low. 
Practically, that is because in the case of treatment in a 
vacuum furnace at a high temperature, melted Si does 
not completely penetrate pores of graphite and remains 
on the surface of the graphite while adhering to the sur- 

45 face as a metal Si after cooling and because the solid 
matter is extremely difficult to be removed. On the other 
hand, in the case where 5 wt.% or more of a boron car- 
bide powder is added, the addition causes an effect as 
a catalyst. That is, a reaction of silicon and carbon is 

50 promoted and siliconizing to silicon carbide proceeds to 
improve wettability to silicon and it is supposedly attrib- 
uted to that silicon penetrates pores of carbon in deep 
and reaction with carbon is promoted to produce silicon 
carbide and to form a silicon carbide layer. In other 

55 words, boron carbide provides some catalytic function 
or other to promote the reaction of silicon with carbon 
and such an effect is caused in the case where at least 
5 wt.% or more of a boron carbide powder is added and 
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a silicon carbide layer can be formed evenly from the 
surface toward the inside. 

[001 9] A carbon substrate processed for a small type 
mechanical seal is immersed in or coated to the whole 
surface area with a slurry produced in the manner as 
described above. After that, drying at about 300° C is 
carried out for 2 hours to evaporate a solvent and com- 
pletely harder the resin. Then, the resultant carbon sub- 
strate is subjected to high temperature thermal treat- 
ment in an inert gas atmosphere of 1 0 Torr or lower. The 
temperature increase rate is about 400°C/ hour and 
when the temperature reaches about 1 ,550 to 1 ,600°C, 
the substrate is kept at the temperature for 30 minutes. 
A heating means is not specifically limited and a proper 
means can be employed. By such treatment, the silicon 
component is melted, passes the carbonized layer of the 
resin, penetrates as to fill the one pores of the carbon 
substrate in the depth as deep as 2 mm from the surface 
or deeper and causes a reaction with carbon to be sili- 
con carbide. Consequently, silicon carbide is formed in 
the fine pores and the fine pores of the carbon substrate 
are filled with silicon carbide and silicon ization occurs in 
30 to 55% of the carbon substrate to improve the impen- 
etrability of the substrate to a fluid such as a gas and a 
liquid. 

[0020] After that, in order to remove boron carbide, 
silicon carbide, metal silicon or the like remaining on the 
surface, the resultant carbon substrate is kneaded with 
sand or the like. Then, in order to make the impenetra- 
bility reliable, the substrate is impregnated with a metal 
or a thermosetting resin to give a final product. 
[0021] in such a manner, since the silicon carbide lay- 
er is formed on the whole body of a product, strain owing 
to residual stress generated at the time of conversion to 
silicon carbide is scarcely caused and mechanical 
processing as post-treatment is made no need even if 
the silicon carbide conversion is carried out after a car- 
bon substrate is processed to a product shape. Further, 
no residue as metal silicon remains on the surface of 
the graphite and although residues of such as carbides 
of used resin, silicon carbide, and boron carbide remain 
on the surface, they can easily be removed and do not 
any problem. The boron carbide added is also supposed 
to be effective to improve the covalent bond degree of 
the silicon carbide and to improve the surface hardness, 
that is, the wear resistance. Further, mechanical 
processing can full-automatically be carried out in a 
stage as a carbon substrate prior to the alteration treat- 
ment to silicon carbide and final mechanical processing 
except precision processing such as polishing treatment 
for the sliding face is made no need, so that the produc- 
tion cost can significantly be lowered and the production 
time can remarkably be shortened as compared with 
those for producing a conventional carbon-silicon car- 
bide composite material. 



BEST MODE FOR CARRYING OUT THE INVENTION 

[0022] The present invention will be describe in detail 
according to an example below. 

5 

Example 1 

[0023] As a carbon substrate, an isotropic graphite 
(produced by Toyo Tanso Co., Ltd.) of 1 .77 g/cm 3 den- 

10 sity, 1 .5 ujti average fine pore radius, and 400 kgf/cm 2 
bending strength was processed to be a small type me- 
chanical seal product shape of 0.3 cm 2 cross-section 
surface area. The value employed as the average fine 
pore radius was a value measured by mercury pressure 

15 process (the half value of the cumulative fine pore vol- 
ume at 141 .3° of the contact angle between the speci- 
men and mercury and 1 ,000 kg/cm 3 of the maximum 
pressure). A silicon powder (produced by Wako Pure 
Chemical Industries Ltd., with 40 u.m average particle 

20 size) and a boron carbide powder (produced by Denki 
Kagaku Kogyo K.K., type of AFI and with 5 ujti average 
particle size) were kneaded at 80:20 ratio by weight and 
a 8% polyvinyl alcohol) solution was added as a disper- 
sant and the resultant mixture was mixed and dispersed 

25 to obtain a slurry. Test specimens were immersed in the 
obtained slurry, kept for 1 hour at a normal temperature, 
dried in a drying apparatus to evaporate the dispersant 
at 80 to 200°C and further, heated to 1 ,800°C within 5 
hours in nitrogen gas atmosphere of 1 0 Torr in an induc- 

30 tion heating furnace, kept for 30 minutes in the furnace, 
and then cooled and taken out of the furnace. The res- 
idue remaining on the surface was removed after cool- 
ing. Next, the density and the silicon ization ratio of the 
surface were measured. The siliconization ratio of the 

35 surface of the sliding face was measured by taking a 
secondary electron image by a scanning electron spec- 
troscopy (S-2400, produced by Hitachi Ltd.) and then 
the surface area ratio of SiC/graphite (C) was measured 
at two points by an image analyzing apparatus (IBAS, 

40 produced by Carl Zeiss) and the average of these meas- 
ured value was employed as the surface area ratio. Fur- 
ther, constituent elements of the surface of the sliding 
face part were qualitatively analyzed by wide scanning 
using ESCA (SSX-1 00 Model 206, produced by Surface 

45 Science Instruments). 

Comparative example 1 

[0024] The same carbon substrate as that of the ex- 
so ample 1 was used. Using only a silicon powder, a slurry 
was produced in the same manner as the example 1 by 
adding a 8% polyvinyl alcohol) solution and mixing and 
dispersing the silicon powder. Test specimens were im- 
mersed in the slurry, kept at a normal temperature for 
55 about 1 hour, dried at 80 to 200°C in a drying apparatus 
to evaporat the solvent, heated to 1 ,800°C in 5 hours 
in an induction heating furnace in nitrogen gas atmos- 
phere of 1 0 Torr, kept for 30 minutes in the furnace, and 
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then cooled and taken out of the furnace. After the cool- 
ing, the residue remaining on the surface was removed. 
Finally the cross-sections of the specimens were ob- 
served. 

[0025] FIG. 1 shows the whole cross-section of a me- 
chanical seal member relevant to the present invention 
produced by adding boron carbide. The white parts in 
the figure indicate silicon parts and the black parts indi- 
cate carbon parts. Siliconization was found evenly tak- 
ing place in the inside. The siliconization ratio was 38% 
and the density was 2.18 g/cm 3 . 
[0026] FIG. 2 shows the whole cross-section of a me- 
chanical seal member in which silicon carbide was 
formed using only silicon. The white parts in the figure 
indicate silicon parts and the black parts indicate carbon 
parts. Different from FIG. 1 , it was found that silicon did 
not penetrate evenly the inside and siliconization une- 
venly took place. 

[0027] FIG. 3 shows the approximate 'ratios of the 
constituent components of the surface of a sliding face. 
According to the results, the siliconization ratio was 38% 
and found that it was approximately the same as the sur- 
face area ratio shown in FIG. t . 

Wear resistance test 

[0028] Specimens with 30%, 35%, and 55% of sili- 
conization ratio were produced for a wear resistance 
test and a sliding test was carried out. The sliding test, 
was carried out by fixing a test specimen in a stainless 
steel metal tool, specularly polishing the sliding test 
face, and carrying out a wear resistance test for a me- 
chanical seal member in the following conditions: 

the plane pressure 0.196 MPa; 

the average circumferential speed 7,000 rpm; 

a fluid water (80°C); 

and testing duration 100 hours. 

Test example 1 

[0029] As a carbon substrate, an isotropic graphite 
(produced by Toyo Tanso Co., Ltd.) of 1 .85 g/cm 3 den- 
sity, 1 .0 um average fine pore radius, and 800 kgf/cm 2 
bending strength was processed for testing in the same 
manner as the example 1 to be a small type mechanical 
seal product shape of 0.3 cm 2 cross-section surface ar- 
ea. Through the same procedure as the example 1, a 
silicon powder (produced by Wako Pure Chemical In- 
dustries Ltd., with 40 urn average particle size) and a 
boron carbide powder (produced by Denki Kagaku Ko- 
gyo K.K., type of AFI and with 5 urn average particle 
size) were mixed at 80:20 ratio by weight and a 8% poly 
(vinyl alcohol) solution was added as a dispersant and 
the resultant mixture was mixed and dispersed to obtain 
a slurry. Test specimens were immersed in the obtained 
slurry, kept for about 1 hour at a normal temperature, 
dried in a drying apparatus to evaporate the dispersant 



at 80 to 200°C and further, heated to 1 ,800°C within 5 
hours in nitrogen gas atmosphere of 1 0 Torr in an induc- 
tion heating furnace, kept for 30 minutes in the furnace, 
and then cooled and taken out of the furnace. The res- 

5 idue remaining on the surface was removed after cool- 
ing. Next, the density and the siliconization ratio of the 
surface were measured in the same manner as the ex- 
ample 1 . The siliconization ratio was 30% and the den- 
sity was 2.15 g/cm 3 . 

w [0030] Then, for the purpose of impenetrability treat- 
ment, the test specimens were put in an impregnation 
apparatus and pressurized by injecting a phenol resin 
at 20 kg/cm 2 pressures continuously for 2 hours. After 
the impregnation, the resultant specimens were put in 

15 a drying apparatus and heated from a normal tempera- 
ture to 200°C to harder the resin. 

Test example 2 

20 [0031] As a carbon substrate, an isotropic graphite 
(produced by Toyo Tanso Co., Ltd.) of 1 .82 g/cm 3 den- 
sity, 1 .2 uin average fine pore radius, and 780 kgf/cm 2 
bending strength was employed to produce small size 
mechanical seals of a carbon-silicon carbide composite 

25 material for testing in the same manner as the example 
1 . The siliconization ratio was 38% and the density was 
2.1 8 g/cm 3 . After that, specimens for the test were pro- 
duced by impregnating the mechanical seal specimens 
with a phenol resin in the same manner as the test ex- 

30 ample 2. 

Test example 3 

[0032] As a carbon substrate, an isotropic graphite 
35 (produced by Toyo Tanso Co., Ltd.) of 1 .70 g/cm 3 den- 
sity, 2.0 um average fine pore radius, and 370 kgf/cm 2 
bending strength was employed to produce small size 
mechanical seals of a carbon-silicon carbide composite 
material for testing in the same manner as the example 
40 1 . The siliconization ratio was 55% and the density was 
2.40 g/cm 3 . After that, specimens for the test were pro- 
duced by impregnating the mechanical seal specimens 
with antimony. 

[0033] The results of the wear resistance test are 
45 shown in FIG. 4. According to the results shown in FIG. 
3, it can be said that the carbon-silicon carbide compos- 
ite material relevant to the present invention and pro- 
duced approximately evenly even in the inside by sili- 
conization at 30 to 555 % ratio is sufficiently provided 
so with a capability as a mechanical seal member. 

Industrial Applicability 

[0034] The mechanical seal member according to the 
55 present invention can provide a slide sealing effect more 
excellent than that of a conventionally used mechanical 
seal member made of graphite even in conditions of a 
low rotation speed and a high pressure and at the same 
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time, being a substrate, 

the substrate can previously be processed to a final 
product shape by mechanical processing to lower the 
production cost. In the case of mass production, this me- 
chanical seal member can be produced economically 
without much difference from a conventional mechani- 
cal seal member made of graphite and thus a mechan- 
ical seal memberfor a small type and widely used pump 
can significantly economically and easily be provided. 



Claims 



terial. 

8. The mechanical seal member as set forth in claim 
7, wherein said carbon material processed to a 

5 product shape is produced by cutting a hollow tu- 
bular or cylindrical carbon material by mechanical 
processing. 

9. The mechanical seal member as set forth in claim 
10 7, wherein pores of said carbon-silicon carbide 

composite material are impregnated with a metal or 
a resin. 



1. A mechanical seal member of a carbon substrate 
comprising a carbon-silicon carbide composite ma- *5 
terial formed on the whole surface of said carbon 
substrate processed to a product shape toward the 
inner side and a coating formed on the surface of 
said carbon-silicon carbide composite material, 
wherein said coating is a thin film containing mainly 20 
silicon carbide and boron carbide. 



2. A mechanical seal member of a carbon-silicon car- 
bide composite itnaterial, wherein said carbon-sili- 
con carbide composite material is small in size of 25 
7x7 mm or less in cross-section parallel to the cent- 
er axis and formed evenly from the surface toward 

the inner side in the depth direction and reaches ap- 
proximately the center part of said cross-section. 

30 

3. The mechanical seal member as set forth in one of 
claims 1 or 2, wherein the siliconization ratio of the 
surface of said carbon -silicon carbide composite 
material is 30 to 55% by surface area ratio. 

35 

4. The mechanical seal member as set forth in one of 
claims 1 or 2, wherein the density of said carbon 
substrate is 1 .7 g/cm 3 or higher and the density after 
siliconization is 2.0 to 2.5 g/cm 3 . 

40 

5. The mechanical seal member as set forth in one of 
claims 1 or 2, wherein said coating containing main- 
ly silicon carbide and boron carbide has 3 to 20 ujti 
thickness. 

45 

6. The mechanical seal member as set forth in one of 
claims 1 or 2, wherein pores of said carbon-silicon 
carbide composite material are impregnated with a 
metal or a resin. 

50 

7. A mechanical seal member comprising a carbon- 
silicon carbide composite material formed toward 
the inner side from the whole surface of a carbon 
material processed to a product shape and having 
fine pores with 1 .0 um or larger average fine pore 55 
radius by applying a slurry containing a boron car- 
bide powder and a silicon powder mixed and dis- 
persed together and firing the resultant carbon ma- 
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